Bryant University

Bryant Digital Repository
Finance Journal Articles

Finance and Financial Services Faculty
Publications and Research

6-17-2022

ESG Investing: A Decision-Making Paradox?
Omrane Guedhami
University of South Carolina - Columbia

David A. Louton
Bryant University, dlouton@bryant.edu

Hakan Saraoglu
Bryant University, saraoglu@bryant.edu

Ying Zheng
Bryant University, czheng@bryant.edu

Follow this and additional works at: https://digitalcommons.bryant.edu/finjou
Part of the Finance Commons, and the Finance and Financial Management Commons

Recommended Citation
Guedhami, Omrane; Louton, David A.; Saraoglu, Hakan; and Zheng, Ying, "ESG Investing: A
Decision-Making Paradox?" (2022). Finance Journal Articles. Paper 91.
https://digitalcommons.bryant.edu/finjou/91
This Article is brought to you for free and open access by the Finance and Financial Services Faculty Publications
and Research at Bryant Digital Repository. It has been accepted for inclusion in Finance Journal Articles by an
authorized administrator of Bryant Digital Repository. For more information, please contact
dcommons@bryant.edu.

ESG Investing: A Decision-Making Paradox?

Abstract
Debates about the attributes of environmental, social, and governance (ESG) investing are
ongoing. The definitions, integration methods, performance outcomes, and data
consistency are all developing. Against this backdrop, we explore whether ESG investing
constitutes a decision-making paradox in which selecting a desirable set of stocks for
inclusion in an ESG portfolio simultaneously requires adopting a desirable decisionmaking method to select those stocks. Comparing the results from two multi-criteria
decision-making methods for selecting ESG portfolio stocks, we illustrate the sensitivity
of the resulting selections to various approaches. We recommend a series of practical steps
for resolving the paradox.
Keywords: ESG; portfolio construction; multi-criteria decision-making
JEL classification: M14, G11, C61

Key Findings:



ESG investing involves a decision-making paradox in which selecting a desirable
set of stocks requires simultaneously choosing a desirable multi-criteria decisionmaking method for use in selecting the stocks.



The ESG decision-making paradox can be addressed through adherence to
processes that emphasize: i) standardization; ii) consistency; iii) robustness; iv)
redundancy; and v) transparency.



Two concrete examples are provided to illustrate selection of stocks for an ESG
portfolio using multi-criteria decision-making methods: i) Analytic Hierarchy
Process (AHP)- Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) and ii) TOPSIS with entropy-based weights.

1. Introduction
Because ESG portfolio management involves multiple criteria for evaluating
companies and is subject to investor preferences, it constitutes a multi-criteria decisionmaking (MCDM) problem. However, deciding on a desirable set of companies for an ESG
portfolio requires simultaneously selecting a desirable decision-making approach. This can
be construed as a “decision-making paradox” (Triantaphyllou and Mann, 1989;
Triantaphyllou, 2000). The differences and inconsistencies in ESG data further contribute
to the paradox, whereby choosing which stocks to include depends on the data source used.
The main purpose of our study is to examine whether ESG investing involves a decisionmaking paradox, and, if so, to explore paths to resolution.
We contend that ESG portfolio construction is an MCDM problem. Thus, portfolio
managers should demonstrate that they 1) are using a transparent set of decision criteria,
2) rely on generally accepted metrics to assess the performance of companies under each
criterion, 3) incorporate a variety of MCDM methods in their company selection, 4) decide
on the final set of companies only after considering the sensitivity of the selections to the
use of different methods, or by combining the results of different methods, and 5) report
their method selection process and its rationale to investors.
To illustrate these proposed steps, we provide examples using two different MCDM
methods and highlight their advantages and shortcomings. The first is a combination of the
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) and the
Analytic Hierarchy Process (AHP). The second involves using TOPSIS with entropy-based
weights. We show that these methods can lead to recommendations for specific initiatives
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on data type, data standardization, and transparency improvement in ESG investing. Our
illustrations constitute a framework for evaluating companies using a given set of ESG
criteria and provide a context within which specific recommendations for resolving the
ESG decision-making paradox can be identified.
In the next two subsections, we review the ongoing debates on ESG investing and
further describe the decision-making paradox. In Section 2, we illustrate how ESG
investing can be framed as an MCDM problem. We provide a brief review of MCDM
methods, and show examples from the literature on the applications of MCDM methods to
ESG investing. We also provide two concrete examples of how to evaluate companies
using selected MCDM methods. Section 3 builds on our framework, presenting
recommendations for implementation and how to help resolve the decision-making
paradox that ESG investors currently face. Section 4 concludes.
1.1. Debates on ESG Investing
ESG investing (alternatively, socially responsible investment) has become a major
trend over the past few decades. According to the 2020 Social Investment Forum (SIF),
U.S. socially responsible investing (SRI) assets have increased 25-fold, a compound annual
growth rate of 14% since 1995. In addition, SRI totaled $16.6 trillion at the beginning of
2020, suggesting that $1 of every $3 under professional management in the U.S. is invested
according to ESG principles.
Despite its growing appeal, there remains much debate about definitions and
terminology, the transparency of methods used to include stocks in an ESG portfolio, its
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value-enhancing (or -eroding) nature, and the consistency of corporate ESG performance
data across multiple sources.1
The debate about the definition of ESG reflects confusion in the use of the terms
“sustainable investing,” “social impact investing,” “socially responsible investing,” and the
term ESG itself. In a comment letter, Schanzenbach and Sitkoff (2020, p. 4) suggest that
“ESG investing resists precise definition.” They find the term “ESG investing” ambiguous
as to motive because it can refer to either investing to achieve collateral goals or to improve
risk-adjusted returns. They indicate that the term is widely and confusingly used in the
marketplace today to embrace both. In an OECD report, Boffo and Patalano (2020, p. 6)
define ESG as follows: “Broadly speaking ESG investing is an approach that seeks to
incorporate environmental, social and governance factors into asset allocation and risk
decisions, so as to generate sustainable, long-term financial returns.” Their definition refers
to the FT Lexicon, which explains ESG as “a generic term used in capital markets and used
by investors.” The words “broadly speaking” and “generic term” highlight the lack of
specificity and standardization in the terminology of ESG. Starks (2021) further highlights
the lack of agreement as to the meaning of ESG or responsible investing. To help market
participants better deal with the complexity of the field of responsible investing, Bruce
(2020) provides a commentary that defines sustainable, impact, and ESG investing. As yet,
no universally accepted definition has emerged (Chen and Mussalli, 2020).
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The sources include, e.g., the Social Investment Forum’s report (Gil-Bazo, Ruiz-Verdú, and Santos, 2010;
Henke, 2016), Globefund (Bauer, Koedijk, and Otten, 2005; Bauer, Derwal, and Otten, 2007), Avanzi SRI
Research (Cortez, Silva, and Areal, 2009), Lipper Analytical Services (Hamilton, Jo, and Statman, 1993;
Goldreyer, Ahmed and Diltz, 1999), MSCI ESG STATS (Kempf and Osthoff, 2007; El Ghoul and Karoui,
2017; Giese et al., 2019; El Ghoul et al., 2020; Alessandrini and Jondeau, 2020), and Morningstar’s database
(Statman, 2000; Bello, 2005).
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The variety of approaches used in ESG decision-making and investing further
compounds this confusion. For example, Hayat and Orsagh (2015, p. 17) identify six
commonly used methods: “exclusionary screening, best-in-class selection, thematic
investing, active ownership, impact investing, and ESG integration.” They emphasize that
these methods are not mutually exclusive, and are often used in combination. They also
point out that these methods are used by investors with different goals, for example, “valuemotivated investors,” who care exclusively about monetary outcomes, or “valuesmotivated investors,” who are motivated by ethical concerns. Given that socially
responsible investing (SRI) typically uses negative and exclusionary screens, and the term
“ESG integration” is used increasingly to refer to ESG investing, the interchangeable use
of SRI and ESG exacerbates the confusion in terminology.
Another area of debate relates to transparency. A clear step-by-step process for
implementing the above-mentioned methods to reach specific ESG investing decisions is
vital. For example, stock selection in an ESG portfolio and portfolio allocation to the
selected stocks, among others, are still developing.
The lack of consensus on the value-enhancing (or eroding) nature of ESG
investment is an additional factor that fuels the debate regarding the future of ESG
investing. The literature finds mixed views and some opposing outcomes. First, several
studies show that investing in ESG funds may be costly because implementation is likely
to limit the set of investment opportunities (Geczy, Stambaugh, and Levin, 2021;
Renneboog, Ter Horst, and Zhang, 2008b; Cortez et al., 2009; Jacobsen, Lee, and Ma,
2019; El Ghoul and Karoui, 2017). Second, investing in ESG funds may be value-
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enhancing because fund managers may select firms with strong financial fundamentals. In
fact, funds that use an SRI screening process tend to target firms with better long-term
prospects. Accordingly, Gil-Bazo et al. (2010) report that ESG funds outperform
conventional funds, Derwall et al. (2005) show that environmentally responsible investing
provides incremental financial benefits, and Giese et al. (2019) and Khan (2019) find that
ESG positively affects equity valuation. Third, the risk-adjusted returns for investing in
ESG funds do not seem substantially different from conventional fund returns. Within the
standard finance framework, expected returns are unaffected by factors unrelated to risk.
The insignificant differences in performance between ESG and conventional funds are
supported by a strand of research that includes Hamilton et al. (1993), Goldreyer, Ahmed,
and Diltz (1999), Statman (2000), Bello (2005), Bauer, Koedijk, and Otten (2005),
Renneboog, Ter Horst, and Zhang (2008a), Statman and Glushkov (2009), Anson et al.
(2020), and Plagge and Grim (2020).
Finally, there is some question about the consistency of ESG ratings from multiple
sources, which adds to the intensity of the debate on ESG investing. Berg, Kölbel, and
Rigobon (2020) examine the divergence of ESG ratings. Using data from six rating
agencies, they categorize the divergence into three different sources: scope, measurement,
and weights of categories. They find that rating heterogeneity is mainly driven by
measurement divergence and uncover the presence of a rater effect (i.e., a rating agency’s
overall view of the rated firm shapes the evaluation of specific categories). Anson et al
(2020) provide specific examples to illustrate the divergence in sustainability and ESG
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rankings of public companies among data providers and indicate that this inconsistency
relates to the differences in factors and their weights used in different ranking systems.
Referring to reports by Mackintosh (2018), Wigglesworth (2018), and Doyle
(2018) that document disagreements in ESG ratings produced by data providers, Gibson,
Krueger, and Mitali (2021) examine the impact of ESG rating disagreement on stock
returns. Kotsantonis and Serafeim (2019) also recognize large disagreements in ESG
metrics among data providers. They provide a guide for addressing these problems. 2
Christensen, Serafeim, and Sikochi (2022) investigate the extent to which a firm’s
ESG disclosure and average ESG rating explain disagreements across rating agencies.
They find that greater ESG disclosure results in greater disagreement across ESG rating
agencies, which they maintain is contrary to conventional wisdom. A strong consensus has
developed regarding the need for consistent and unambiguous ESG performance metrics.
As long as there is significant dissonance between the metrics offered by the various raters,
companies can choose the metrics that suit them best, and opportunities for “greenwashing”
remain rife. A related study by Gibson, Krueger, and Schmidt (2021) suggests that the
disagreement among ESG ratings could impose a high risk premium for firms.
The lack of standardization is a key impediment to the use of ESG information
(Amel-Zadeh and Serafeim, 2018). The move toward more standardization has been
propelled by the B-corporation movement and its related certification process. Although

2

Kotsantonis and Serafeim (2019) discuss the implications for various parties. For example, they recommend
that companies take control of the ESG data narrative, accept a baseline of ESG metrics, and self-regulate to
provide comparability (p. 56). Investors should also push for meaningful disclosure of metrics. Stock
exchanges should prepare guidelines and even mandate ESG disclosure. Data providers need to agree on a
set of best practices and provide transparency with respect to their methodologies and the reliability of their
data.
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this standards-based approach to ESG accountability has gained some traction (as
evidenced by the more than 3,500 firms that have achieved certification), it has been
impeded to some extent by the lack of a clearly articulated role for shareholders as distinct
from other stakeholder groups. Dimson, Marsh, and Staunton (2020) investigate the
disagreement among the leading suppliers of ESG ratings. They conclude that the
weightings given to each pillar of an ESG rating tend to be different across agencies.
The debates outlined above are interconnected, contributing further to the
complexity of ESG concerns. First, the varying ESG integration strategies may lead to
divergent ESG investing outcomes. Several studies form ESG portfolios directly from
MSCI ESG database ratings (El Ghoul and Karoui, 2017; Giese et al., 2019; Kempf and
Osthoff, 2007). Others obtain classifications of socially responsible funds from third-party
agencies (Geczy et al., 2021; Cortez et al., 2009; Bauer, Koedijk, and Otten, 2005; Bauer,
Derwal, and Otten, 2007; Gil-Bazo et al., 2010; Hamilton et al., 1993; Goldreyer, Ahmed
and Diltz, 1999; Henke, 2016; Statman, 2000; Bello, 2005). If most ESG investment
studies adopted a standardized ESG integration process, the debates may start take a
different path.
Second, the varying definitions of ESG investing could contribute to reforms in
ESG integration policies. A simple classification of socially responsible funds could be
used as a marketing slogan, to define ESG differently and offer different notions about
which investments to include. To this end, the CFA handbook by Orsagh et al. (2015) calls
for a disciplined and tangible ESG analysis to be fully integrated into the investment
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process. Third, the lack of consistency among ESG data metrics could result in simplified
classifications of ESG investment choices and weak integration of concepts.
Resolving the apparent conflicts in ESG investing presents a number of serious
challenges. But the need to resolve these concerns is urgent. According to a December WSJ
article (Broughton and Maurer, 2020), the Biden administration may advocate rules that
require firms to disclose more ESG information. Under past SEC regulations, U.S.
corporations can choose what material to disclose in annual sustainability reports, which
are often glossy summaries of a company’s environmental, social, or governance
initiatives. Thus, the SEC could play a key role in resolving any confusion by mandating a
set of clearly defined ESG-related data points to be included in the regular 10-Q and 10-K
filings submitted by all publicly traded firms. However, apart from the lack of consensus
on what to include, there are also problems defining summary measures that are sufficiently
objective. Mandatory disclosure of ESG information will not be a viable option until these
issues are addressed.
1.2. ESG Decision-Making Paradox
Triantaphyllou and Mann (1989) and Triantaphyllou (2000) suggest that a decisionmaking paradox occurs when comparing methods in order to select the best one. This
paradox involves the question: “Which decision-making method should be used to choose
the best decision-making method?”
In our setting, the variety of ways the ESG investing decision can be framed and
the large set of decision-making tools available suggest that portfolio managers may be
confronting an “ESG decision-making paradox”: They must choose which decision-
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making method to use in making a selection from a set of companies based on their
performance under a range of ESG criteria. Cappucci (2018, p. 22) describes the “ESG
integration paradox,” which is based on the question: “If the greatest benefits of ESG
incorporation are achieved only through the full integration of ESG factors into the
investment process, why have so few investment managers adopted the strategy?”
Cappucci (2018) suggests that data quality problems, varying measurement standards, and
the perception of a negative impact on financial performance are potential explanations for
this paradox.
Grim and Berkowitz (2020) point out some of the challenges in ESG-related
decision-making. A growing assortment of acronyms and terminology indicate that ESG
investors need to carefully weigh their goals and the potential benefits and risks of the
various approaches in order to reach their objectives. The authors propose a framework
that allows investors to incorporate their personalized criteria and trade-off considerations
into the ESG investing process. Lee, Giese, and Nagy (2020) indicate that the particular
way in which an overall rating in ESG investing is constructed can materially affect its
usefulness to investors. They test the equal weighting and backward optimization
approaches and conclude that “investors seeking to combine E, S, and G into an aggregate
ESG score should proceed with caution.”
We propose that resolving the ESG decision-making paradox requires a framework
to facilitate specific initiatives on data types, data standardization, and transparency
improvements in ESG investing. In the next section, we provide two examples involving
MCDM methods to help build the intended framework.
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2. ESG Investing as a Multi-Criteria Decision-Making Problem
2.1. Multi-Criteria Decision-Making (MCDM) Methods
MCDM methods have been applied to a large set of decision problems in a wide
variety of disciplines. As researchers have expanded the diversity of the application areas,
they have introduced incremental improvements to the MCDM methods over recent
decades. Velasquez and Hester (2013) identify Multi-Attribute Utility Theory, Analytic
Hierarchy Process, Fuzzy Set Theory, Case-based Reasoning, Data Envelopment Analysis,
Simple

Multi-Attribute

Rating

Technique,

Goal

Programming,

ELECTRE,

PROMETHEE, Simple Additive Weighting, and Technique for Order of Preference by
Similarity to Ideal Solution in their review of MCDM methods. They discuss the relative
advantages and disadvantages of each method, explain their strengths and weaknesses, and
provide guidelines for use in specific settings.
The importance of MCDM methods has been widely recognized by investment
researchers and practitioners. Various applications of MCDM methods have been explored
in investments, including determining investor suitability (Bolster, Janjigian, and Trahan,
1995), selecting mutual funds (Saraoglu and Detzler, 2002), matching investors with
suitable, optimal, and investable portfolios (Bolster and Warrick, 2008), identifying stocks
for inclusion in a portfolio (Pätäri et al., 2018), constructing enhanced indices from the
Dow Jones Industrial Average and the S&P 500 Index (Clark et al., 2019), and conducting
portfolio selection (Santamaría, Aguarón, and Moreno-Jiménez, 2020). MCDM methods
have also become accepted among investment professionals. For example, Northfield
Information Services, Inc., which provides risk management analytics services to asset
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managers and asset owners, incorporated AHP in its asset allocation toolkit (Northfield
Information Services, Inc., 2015). In addition, a U.S. patent by Padgette and Paulin (2009)
that incorporates MCDM methods in selecting between or allocating among alternatives
has found application in the robo-advising industry.
The recognition among researchers and industry participants that portfolio
management involves MCDM problems is an important development. It further supports
the notion that ESG investing can benefit from the application of such methods by
comparing ESG performance of companies and making choices based on a set of
performance criteria.
Several studies investigate the application of MCDM methods to the process of
ESG investing or socially responsible investing. Using the linguistic labels provided by
rating agencies, Liern and Pérez-Gladish (2017) propose a flexible approach to defining
the fuzzy ESG performance of firms. They use overall ESG scores of firms, combined with
financial criteria, to rank them in terms of sustainability by means of the TOPSIS method.
Ruf, Muralidhar, and Paul (1998) identify several challenges in developing an
aggregate measure of ESG scores and theorize that the AHP method may help address both
issues. One issue that can arise is the assumption that different dimensions are of equal
importance. So, although investors may assign different weights to different dimensions,
the relative importance weights of ESG dimensions may not be reflected in the average
rating of ESG scores. The extant literature on the performance of socially responsible
mutual funds has, to a large extent, adopted an average ESG score rating that fails to
consider variations in investor preferences. Another issue is that ESG measures may
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incorporate intentions or perceptions rather than outcomes (Wood, 1991). As outlined by
Ruf et al. (1998, p. 131), the AHP method directly incorporates the relative importance of
weights assigned by different individuals into the final measure. It also allows the
incorporation of data from independent sources into the analysis, thus separating
perception from performance.
Verheyden and De Moor (2015) propose that multi-criteria decision analysis can
be used to address the various challenges they identify regarding further development of
SRI. They review several MCDM methods, including multi-attribute value theory
(MAVT), AHP, ELECTRE (ELimination Et Choix Traduisant la REalité), PROMETHEE
(Preference Ranking Organization METHod for Enrichment Evaluations), and TOPSIS.
They present an approach for building an indicator for social performance and a tool for
SRI that can be used by retail investors.
Acknowledging the multi-dimensional nature of the sustainability concept, EscrigOlmedo et al. (2015) develop a framework to assess corporate environmental performance
based on the application of a fuzzy MCDM method. They emphasize the importance of
incorporating environmental management and governance structures into the assessment
of a company’s engagement and operational performance toward the achievement of true
sustainable development.
Aras et al. (2017) use a case study to measure a bank’s corporate sustainability
performance based on entropy weight and TOPSIS. Their method considers governance
indicators as well as the main indicators of economic, social, and environmental factors.

12

Bilbao-Terol et al. (2013) present the Hedonic Price Method (HPM), a framework
for selecting SRI portfolios. Using a two-stage multi-objective mathematical programming
procedure, they provide a portfolio construction method in which utility is derived not only
from goods themselves, but also from the properties and characteristics of those goods.
Moreover, Escrig-Olmedo et al. (2017) recognize the challenge posed by the fact
that socially responsible investors do not necessarily represent a homogeneous group.
Therefore, they propose applying fuzzy MCDMs to the integration of heterogeneous ESG
investor preferences.
2.2. Two Examples of Evaluating Companies with Selected MCDM Methods
ESG investing constitutes a typical MCDM problem. However, different problemsolving approaches may result in different decision sets, especially when the relative
importance weights of the criteria change. To illustrate this point and demonstrate how
ESG portfolio managers can apply and communicate their decision-making methodologies
to investors in a transparent way, we provide two examples illustrating the application of
MCDM methods.
The first uses a hybrid AHP-TOPSIS framework to rank publicly traded stocks
based on their performance under a set of ESG criteria. The AHP facilitates obtaining a
decision-maker’s preference weights based on the relative importance of ESG criteria;
TOPSIS ranks companies using metrics based on performance under ESG criteria and the
relative importance weights provided by the decision-maker. The second example also uses
TOPSIS for the ranking step, but it derives ESG criteria weights from the underlying data
using an entropy measure.
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The analytic hierarchy process (AHP), developed by Saaty (1980), is a decisionmaking tool that facilitates solving complex MCDM problems. It is especially helpful in
ranking a set of competing alternatives based on specific evaluation criteria and is used in
diverse disciplines. In contrast, the entropy approach suggested by Shannon (1948) weights
evaluation criteria based on their relative variance, with no subjective input from the user.
Thus, the weighting methods in our illustrative examples cover both ends of the spectrum
from subjectivity to objectivity.
TOPSIS was proposed by Hwang and Yoon (1981) and is an MCDM method. It is
used to rank a set of competing alternatives where the highest-ranked alternative has the
“shortest distance from the positive ideal solution and the longest distance from the
negative ideal solution. (p. 128)”
MCDM relies on data that represent the performance in or contribution to the
accomplishment of the decision-maker’s main goal. Therefore, clearly measured,
consistent, and generally accepted data on ESG performance are necessary to ensure the
solutions to MCDM problems in ESG investing reflect the desired outcomes. In the next
section, we discuss the choice of ESG performance data used in our examples. The
description of the data is also intended to illustrate that portfolio managers should clearly
explain the data they input to their MCDM methods. The data should be collected using
generally accepted and consistent methods
2.2.1. Measures of Corporate ESG Performance
We measure a firm’s ESG performance using a set of variables from MSCI ESG
STATS (formerly known as KLD STATS). This database, which has been commonly used
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by corporate social responsibility researchers (e.g., Jiao, 2010; Lev, Petrovits, and
Radhakrishnan, 2010; Waddock and Graves, 1997), includes 813 companies in the Domini
400 Social SM Index and the Standard & Poor's (S&P) 500 since 1991, more than 3,000
firms that have been included in the Russell 3000 since 2003, and more than 5,000 firms
through 2016.
We consider the seven areas (criteria) of MSCI ESG STATS (community, diversity,
employee relations, environment, human rights, product characteristics, and corporate
governance). Within each area, several strength and concern factors are assigned a value
of 0 or 1. For each firm-year, we compute the raw score for each ESG area, which is the
difference between the number of strengths and the number of concerns. For example, we
define the raw community score as follows:

COMMUNITY _ RAWi ,t   j COMMUNITY _ RAW _ Si, j ,t k COMMUNITY _ RAW _ Ci,k ,t (1)
where COMMUNITY_RAW_Si,j,t denotes the sum of community strength scores for firm i
with strength j for year t; COMMUNITY_RAW_Ci,k,t denotes the sum of community
concern scores for firm i with concern k for year t. We use the same approach to calculate
the raw scores for the other six ESG areas. Next, following Jo and Harjoto (2012), we
construct the adjusted score in each of the seven ESG areas. For example, we compute the
community adjusted score as follows:

COMMUNITYi,t 

COMMUNITY _ RAWi,t
COMMUNITY _ RAW _ S _ NUMt  COMMUNITY _ RAW _ C _ NUMt

(2)

where COMMUNITY_RAW_S_NUMi,t (COMMUNITY_RAW_C_NUMi,t) shows the
maximum number of strengths (concerns) in year t for firm i. We use this approach to
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calculate the adjusted score for each of the seven ESG areas. 3 The adjusted score measure
uses a standardization technique to mitigate any spurious variation in the raw score arising
from the fact that the number of strengths and concerns in a given area differs over time
(Bae et al., 2019; Deng, Kang, and Low, 2013). In the following models, we employ the
adjusted score in each of the seven ESG areas to capture ESG performance.
2.2.2. Evaluating Companies Using the AHP-TOPSIS Method
Selecting companies for inclusion in an ESG-focused portfolio is a complex process
that involves ranking many competing alternatives and careful analysis based on a wide
variety of information. Because of this complexity, portfolio managers can benefit from a
framework that enables an effective and consistent evaluation process. Here, we propose
the combined AHP-TOPSIS method, where the ranking of companies is implemented in
three phases: 1) identifying relevant ESG criteria and determining their relative
importance; 2) ranking companies based on the identified criteria; and 3) selecting
companies from the ranked list for inclusion in an ESG-focused portfolio. The steps of the
combined AHP-TOPSIS algorithm are presented in Table 1.
In step 1, the portfolio manager identifies the relevant ESG criteria and determines
their relative importance; these are denoted by J in this paper. We propose community,
corporate governance, diversity, employee relations, environment, human rights, and
product quality and safety as the criteria because they span the major areas of concern to

3

We note that the component (adjusted component) scores are typically aggregated in the literature to a
composite ESG (adjusted ESG) score that we can call, for example, ESG_NET (ESG_ADJ) by simply
summing them across all seven ESG areas. Our paper, however, provides two illustrations in which the
adjusted component ESG scores are aggregated using weights that are determined within a multi-criteria
decision-making framework. This is discussed in sections 2.2.2 and 2.2.3.
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ESG investors. Then, in step 2, the portfolio manager identifies the set of criteria
considered to be a benefit, J  , and the set of criteria considered to be a cost, J  . In this
case, all criteria are measured by a net positive aggregate score and, hence, are classified
into the benefit category.
Because different portfolio managers may attribute different importance weights to
each ESG criterion based on their preferences, it is essential that the decision-making
process includes a step to determine the relative importance of the evaluation criteria. In
step 3, a questionnaire is used to obtain pairwise comparisons of the n ESG decision criteria
from the decision-maker using a pairwise comparison scale proposed by Saaty (1980),
which is included in Table 2. Appendix A contains a sample questionnaire and responses
from a hypothetical portfolio manager. Similar questionnaires have been proposed in the
literature (e.g., Saraoglu and Detzler, 2002; Saraoglu and Ascioglu, 2004).
The decision-maker’s responses are then represented in the form of a square matrix

P   pij nn . The diagonal elements of the pairwise comparison matrix are equal to 1, and
the elements below the diagonal represent the reciprocals of the corresponding elements
above the diagonal. Table 3 shows the preferences of the hypothetical portfolio manager
in a matrix format. In this example, comparing community to corporate governance (row
1, column 2 of the matrix), the portfolio manager assigns a preference score of 7, revealing
they value more community as a criterion to evaluate a company. The hypothetical
portfolio manager also considers community as more central than diversity, assigning it a
preference score of 5.
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It is possible, however, that the portfolio manager may make inconsistent pairwise
comparisons. For example, suppose the portfolio manager ranks “community” as more
important than “corporate governance.” Suppose also that he considers “corporate
governance” more important than “diversity.” If the same portfolio manager then indicates
that diversity is more important than community, the three responses about preferences will
conflict with each other. An important aspect of the AHP is that such inconsistencies can
be identified by using an index developed by Saaty (1977, 1980). In step 5, we check the
pairwise comparisons of the portfolio manager for consistency by calculating the
corresponding consistency index and, if necessary, adjusting them until they are
consistent.4
Step 6 involves the estimation of the relative importance weights from the pairwise
comparison matrix. The vector, denoted by w , can be estimated using the following
equation:

Pw  max w

(3)

where max is the largest eigenvalue of the pairwise comparison matrix P . See Saaty (1977,
1980), for a thorough discussion of the eigenvalue estimation method.
Table 4 shows the relative importance weights of the criteria for evaluating
companies as determined by the hypothetical portfolio manager. In this example, the
4

The consistency check in AHP ensures that portfolio manager’s pairwise comparisons are internally
consistent within a given context such as a consideration for a specific industry. For example, if the portfolio
manager indicates a higher preference for criterion A over criterion B and criterion B over criterion C, then
the consistency check requires a higher preference for criterion A over criterion C. However, we note that
the portfolio manager may have a different set of preferences in contexts involving different industries and
may assign different weights to the same criteria in those contexts. In such cases, portfolio managers can use
separate instantiations of the AHP method, with their corresponding pairwise comparison matrices for
different industry contexts.
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portfolio manager considers “human rights,” with a weight of 34.47%, as the most
important criterion. She views “environment” and “product quality and safety” as the next
two most important criteria, with relative weights of 26.25% and 16.30%, respectively.
Step 7 involves obtaining data on the ESG performance of the publicly traded
companies that are short-listed by the decision-maker to construct a decision matrix. Rows
represent the companies and columns represent the ESG decision criteria. We use the ESG
data maintained by MSCI to evaluate the companies’ performance scores. The resulting

 

matrix is in the form D  xij

mn

, where there are m companies as competing alternatives

and n ESG criteria, with the intersection of each competing alternative and decision
criterion given as xij .

 

N
N
The decision matrix D is normalized to form the matrix D  xij

mn

, using the

following normalization method in step 8:

xijN 

xij

 i1 xij2
m

, i  1, 2,, m, j  1, 2,, n.

(4)

Step 9 then involves applying the weight vector w   w1 ,, wn  obtained from the

pairwise comparison matrix P , to the normalized decision matrix DN , and calculating the



N,W
N,W
weighted normalized decision matrix D  xij

 D

N,W

 w1  0 
T


        DN  .
0  w
n

T



mn

as follows:

(5)

The TOPSIS method relies on a separation measure for each competing alternative
with respect to the best and worst possible conditions under each criterion. Therefore, step
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9 determines these conditions across all competing alternatives under each decision



N,W
N,W
criterion using decision matrix D  xij



mn

. The following equations specify the

calculations:
Aw 

 max( x

N,W
ij



| i  1, 2, , m ) | j  J   ,  min( xijN,W | i  1, 2,  , m) | j  J   or

A w   xwjN,W | j  1, 2,  , n ,

(6)

where A w is the vector with the worst possible condition for each criterion j, and
Ab 

 min( x

N,W
ij



| i  1, 2,  , m ) | j  J   ,  max( xijN,W | i  1, 2, , m ) | j  J   or

A b   xbjN,W | j  1, 2, , n ,

(7)

where Ab is the vector with the best possible condition for each criterion j.
Next, step 10 involves obtaining the separation measure from the best and worst
possible conditions for each competing alternative under the decision criteria. We calculate
the separation measure between the competing alternative i and the worst possible
condition Aw as follows:
d iw 

n

x

N,W
ij

j 1

 x wjN,W  , i  1, 2, , m,
2

(8)

Similarly, the separation measure between the competing alternative i and the best possible
condition Ab is calculated as:
d ib 

n

x
j 1

N,W
ij

 xbjN,W  , i  1, 2, , m ,
2

(9)
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where diw and dib are L2-norm distances from the competing alternative i to the worst and
best possible conditions, respectively.
Step 11 uses the separation measures calculated for each competing alternative
under each criterion to compute the relative closeness siw to the worst condition for each
competing alternative as follows:
siw  d iw ( d iw  d iw )

0  siw  1, i  1, 2, , m ,

(10)

where
siw  1 if and only if the competing alternative has the best condition, and
siw  0 if and only if the competing alternative has the worst condition.

Step 12 ranks the companies in descending order of their relative closeness scores
to the worst condition siw , for i  1, 2,, m. Table 5 shows the siw five highest-ranked
companies in our sample for inclusion in an ESG portfolio. For details on these steps, we
refer readers to Xu and Wei (1999), Hwang and Yoon (1981), Yoon and Hwang (1995),
and Tzeng and Huang (2011).
2.2.3. Evaluating Companies Using the TOPSIS Method with Entropy-Based Weights
In this section, we illustrate the use of an entropy-based measure as an alternative
to the AHP approach. Under the information entropy approach proposed by Shannon
(1948), the decision variables are weighted based on the amount of information they
contain. A decision variable with zero variance provides no information, so this method
favors variables with higher relative variance. The entropy-based weights are calculated as
follows as per Zhu, Tian, and Yan (2020):
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wj 

1 H j

n   j 1 H j
n

,

(11)

where H j is the entropy measure for criterion j:
Hj  

m
1
x N ln xijN ,

i 1 ij
ln m

j  1, 2, , n,

(12)

where

xijN 

xij



m

x
i 1 ij

, j  1, 2, , n.

(13)

Since the criterion scores included in the MSCI ESG dataset are scaled to allow for
negative values, we apply a positive scalar shift to the entire dataset that is equal in
magnitude to the largest negative value included in the data, plus an epsilon of 0.001. This
does not introduce any bias because it is applied identically to all entries in the dataset.
However, it ensures that Equation (13) always evaluates to a positive number, and that the
log transformations in Equation (12) are always legal.
Table 6 shows the entropy-based weights derived from our dataset. Note that, under
this method, diversity and community emerge as the most important variables. The
resulting company ranking, based on TOPSIS as in the earlier example, is shown in Table
7.
The results in Tables 5 and 7 show a completely different list of companies that are
ranked in the top five. This confirms that different decision-making methods will produce
a different set of selections. Therefore, a robust choice of companies to be included in an
ESG portfolio requires that decision-makers assess the sensitivity of their selections to the
methods used. They should also use a transparent rule to aggregate different rankings to a
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final ranking of alternatives. Such an approach will ensure that 1) all ESG criteria are
considered in the process, 2) all ESG criteria will be applied to all companies in the choice
set, and 3) the solutions produced by all methods are included in the final decision.
The following subsection expands on these three points and discusses the attributes
of a framework that can help resolve the “ESG decision-making paradox.” Appendix B
(Computational Tutorial) also provides a simple hypothetical case that illustrates how the
results of different methods can be combined to produce a robust final selection.
2.2.4. Discussion
The examples above demonstrate that 1) decision-makers can systematically
incorporate multiple ESG criteria into their selections using MCDM methods, 2) the
MCDM methods can provide rankings of competing alternatives, allowing decisionmakers to observe the entire set of alternatives in the output of each method without any
loss of information, 3) the weights of selection criteria can be obtained objectively from
data or subjectively using the decision-makers’ preferences, 4) different criteria weights
produce different rankings of competing alternatives, and 5) portfolio managers can
incorporate a variety of MCDM methods in their selection processes, thereby ensuring their
selections are robust to multiple methods.
A combination of different methods is also possible and can include the integration
of subjectively determined weights with weights derived from data. For example, Zhang
and Xiu (2018) integrate objective criteria weights obtained using the entropy method with
subjective weights obtained from decision-makers’ preferences. Branch, Goldberg, and
Hand (2019) explore six different quantitative ESG strategies and offer insights into best
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practices for ESG portfolio construction. They conclude that fully understanding the
dynamics of the trade-offs between desired ESG attributes and investment performance
will allow investors to select the strategy “that best matches their ethical and financial
views. (p. 65)” It should be noted that the methods described above are just two among
many MCDM approaches. They are only used for illustrative purposes and should not be
construed as the ultimate methods we propose for portfolio managers. These examples
simply show that different selection criteria and their weights can be incorporated into a
transparent decision-making process. They also provide support for our main argument,
which is that different methods lead to different stock rankings. As such, the specific
rankings we provide should also be considered as illustrative and not as our specific
recommendations for inclusion in an ESG portfolio. Note that we keep the focus on ESG
criteria in our examples. Decision-makers can also include financial criteria in the MCDM
models, with their corresponding importance weights, to obtain rankings that reflect ESG
criteria as well as financial factors.
3. Recommendations
In this paper, we review the ongoing debate regarding environmental, social, and
governance (ESG) investing pertaining to definitions, integration methods, performance
outcomes, and data consistency. Given the persistence of the debate, we question whether
ESG investing constitutes a decision-making paradox, in which deciding on a desirable set
of stocks for inclusion in an ESG portfolio simultaneously requires adopting a desirable
decision-making method to select the stocks.
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Based on a review of the literature on ESG investing and using two illustrative
examples in which we apply MCDM methods for selecting stocks for an ESG portfolio,
we propose that, if ESG portfolio construction can be considered an MCDM problem,
portfolio managers should demonstrate that they 1) have used a transparent set of decision
criteria, 2) rely on generally accepted metrics to assess the performance of companies under
each criterion, 3) incorporate a variety of MCDM methods in their selection of companies,
4) decide on a final set of companies after considering the sensitivity of the selections to
the use of different methods, or by mixing the results of different methods, to ensure
robustness, and 5) report their method selection process and its rationale to investors.
Also, we recommend that the industry-wide process intended to streamline ESG
investing should emphasize that ESG portfolio management involves multi-criteria
decision-making as the examples we use in this paper illustrate. An emphasis on MCDM
further requires that:


Portfolio managers should provide information about their method for selecting
companies in their ESG portfolios. There has been some progress in this area, for
example, the Forum for Sustainable and Responsible Investment provides a
comparative summary of the methods that ESG funds use with respect to a set of
key criteria using information self-reported by each fund or manager (US SIF,
2021).



A clear description of the method should include a list of decision criteria used and
their importance weights in the selection decision.



A process that is inclusionary and subjective should ideally keep the input set in its
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entirety in the output by producing a ranking of the competing alternatives in the
input. MCDM methods allow portfolio managers to produce rankings of the entire
set of companies from which they can make a final selection for inclusion in the
ESG portfolio.


A new ESG analyst designation could facilitate information gathering, processing,
and dissemination regarding the ESG performance of companies.



Designated ESG analysts, or securities analysts that add an ESG focus to their
research, should provide ESG ratings or recommendations.



ESG ratings and recommendations should be provided in a standard template form,
similar to analysts’ buy/hold/sell recommendations, ensuring that ESG ratings are
stated in consistent language across analysts. MSCI ESG indicates some progress
in this area (MSCI, 2021a).



Investor or investment manager surveys should be conducted periodically to obtain
market-wide averages of the importance weights of ESG criteria.



Data providers should agree on a consistent rubric for assessing ESG criteria.
Consistency of the assessment could be required and monitored by a regulatory
agency.



Mandatory disclosure of ESG-related material information should be implemented
by regulators.



As some studies on ESG indicate (Henriksson et al., 2019; Giese, Nagy, and Lee,
2021), the assessment of ESG performance of a particular company may be contextspecific to the industry in which the company operates. Portfolio managers can
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address this issue by using different weights for ESG criteria for different industries
in their stock selection process. MSCI’s ESG Industry Materiality Map, which
provides contribution weights of the key ESG criteria to the ESG ratings of
companies, is a move in this direction. It is part of MSCI’s transparency initiative
on ESG ratings, through which it makes ESG ratings of companies and funds
accessible to the public (MSCI, 2021b).
4. Conclusion
This paper aims to show that ESG investing constitutes a decision-making paradox in
which deciding on a desirable set of stocks for inclusion in an ESG portfolio requires
simultaneously selecting a desirable decision-making method to select the stocks. Our
discussion and recommendations regarding the resolution of the ESG decision-making
paradox can be summarized with the keywords: 1) standardization, 2) consistency, 3)
robustness, 4) redundancy, and 5) transparency. Standardization and consistency relate to
terms, nomenclature, and data. Robustness and redundancy apply to final stock selections.
Portfolio managers may apply different decision-making rules and methods, and make their
final decisions by combining the results of different approaches. Finally, transparency
involves clear reporting of the rules and methods used in the decision-making process to
all interested parties, including investors in ESG-focused portfolios.
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Table 1. Steps of the Combined AHP-TOPSIS Algorithm to Design an ESG
Portfolio
1. Determine the decision criteria for ESG.
2. Identify the set of criteria considered a benefit, and the set of criteria considered a
cost.
3. Use a questionnaire to obtain pairwise comparisons of the ESG decision criteria
from the portfolio manager in the form of a square matrix.
4. Check the pairwise comparisons of the portfolio manager for consistency, and, if
necessary, adjust them until they are consistent.
5. Calculate relative importance weights of the ESG decision criteria using the matrix
of pairwise comparisons.
6. Obtain data on the ESG performance of the publicly traded companies that are shortlisted by the decision-maker. Construct a decision matrix, with rows representing the
companies and columns representing the ESG decision criteria.
7. Normalize the decision matrix.
8. Apply the weight vector obtained in step 5 to the normalized decision matrix.
9. Determine the worst and best possible conditions for companies under each decision
criterion using the decision matrix.
10. Obtain the separation measure from the best and worst possible conditions.
11. Calculate relative closeness to the worst condition for each company.
12. Rank the companies based on their relative closeness scores.
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Table 2. Pairwise Comparison Scale
Level of Importance
1

Definition
Equal importance

Explanation
Two attributes contribute
equally to the objective

3

Weak importance of one over
another

Experience and judgment
slightly favor one attribute
over another

5

Essential or strong
importance

Experience and judgment
strongly favor one attribute
over another

7

Very strong or demonstrated
importance

An attribute is favored very
strongly over another; its
dominance demonstrated in
practice

9

Absolute importance

Evidence favoring one
attribute over another is of the
highest possible order of
affirmation

Intermediate values between
adjacent scale values

When compromise is needed

2, 4, 6, 8
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Table 3. Pairwise Comparisons of the ESG Areas (Criteria)

Community
Corporate Governance
Diversity
Employee Relations
Environment
Human Rights
Product Quality and Safety

Community

Corporate
Governance

1.00
0.33
0.50
0.33
5.00
3.00
5.00

3.00
1.00
1.00
0.20
3.00
5.00
3.00

Diversity

Employee
Relations

2.00
1.00
1.00
0.33
5.00
4.00
3.00

3.00
5.00
3.00
1.00
8.00
7.00
6.00
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Environment

Human
Rights

Product
Quality and
Safety

0.20
0.33
0.20
0.13
1.00
2.00
0.33

0.33
0.20
0.25
0.14
0.50
1.00
0.20

0.20
0.33
0.33
0.17
3.00
5.00
1.00

Table 4. AHP-Based Relative Importance Weights of the ESG Areas (Criteria)
ESG Area (Criterion)
Community
Corporate Governance
Diversity
Employee Relations
Environment
Human Rights
Product Quality and Safety

Weight
8.59%
6.28%
5.58%
2.52%
26.25%
34.47%
16.30%
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Table 5. Ranking of Companies Based on AHP-Derived Weights
ESG Area (Criterion)
Ticker

Community

Governance

Diversity

Employee
Relations

Environment

Human Rights

Product
Quality and
Safety

siw

Rank

HES
NEM
MSFT
OXY
CVX

0.5
0.0
0.0
0.0
0.0

0.2
0.0
0.0
0.0
0.0

0.0
0.0
0.3
0.0
0.0

0.1
0.1
0.3
0.0
-0.1

0.3
0.2
0.3
0.1
0.1

0.4
0.4
0.3
0.4
0.4

0.0
0.0
0.1
0.0
0.0

0.855
0.814
0.790
0.788
0.788

1
2
3
4
5
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Table 6. Entropy-Based Relative Importance Weights of the ESG Areas (Criteria)
ESG Area (Criterion)
Community
Corporate Governance
Diversity
Employee Relations
Environment
Human Rights
Product Quality and Safety

Weight
18.76%
6.92%
50.54%
9.21%
6.43%
2.96%
5.19%
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Table 7. Ranking of Companies Based on Entropy-Based Weights

Ticker
TXN
HPQ
HIG
XRX
VOYA

Community Governance
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.2
0.0
0.2

ESG Area (Criterion)
Employee
Diversity Relations Environment
0.5
0.5
0.5
0.5
0.5

0.5
0.4
0.3
0.3
0.3

0.2
0.3
0.2
0.2
0.0
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Human
Rights
0.0
0.0
0.0
0.0
0.0

Product
Quality and
Safety
0.0
0.1
0.0
0.3
0.1

siw

Rank

0.861
0.861
0.860
0.859
0.857

1
2
3
4
5

Appendix A. Sample Questionnaire and Responses from a Hypothetical Portfolio Manager
to Obtain the Relative Importance of Evaluation Criteria
Use a scale of 1–9 to compare the relative importance of each criterion: 1 indicates both criteria
are equally important and 9 indicates one criterion is definitely more important than the other.
1.

2.

3.

4.

5.

6.

7.

8.

9.

Identify which criterion is more important: community or corporate governance
community
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: community or diversity
community
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: community or employee relations
community
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: community or environment
environment
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: community or human rights
human rights
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: community or product quality and safety
product quality and safety
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: corporate governance or diversity
equally important
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: corporate governance or employee
relations?
corporate governance
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: corporate governance or environment
environment
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Identify which criterion is more important: corporate governance or human rights?
human rights
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: corporate governance or product quality and
safety?
product quality and safety
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: diversity or employee relations?
diversity
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: diversity or environment?
environment
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: diversity or human rights?
human rights
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: diversity or product quality and safety?
product quality and safety
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: employee relations or environment?
environment
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: employee relations or human rights?
human rights
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: employee relations or product quality and
safety?
product quality and safety
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: environment or human rights?
human rights
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
Identify which criterion is more important: environment or product quality and safety?
environment
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
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21.

Identify which criterion is more important: human rights or product quality and safety?
human rights
Choose a value to indicate the relative importance:
1
2
3
4
5
6
7
8
9
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Appendix B: Computational Tutorial
Decision matrix: This table contains ESG metrics for each company considered for selection, and is denoted as D in the formulas.
Company

Environment

Social

Governance

1

0.18

0.25

0.48

2

0.77

0.37

0.22

3

0.87

0.58

0.67

4

0.23

0.78

0.45

Weights based on Analytical Hierarchy Process (AHP):
The pairwise comparison matrix, denoted as P, expresses the
preferences of the decision maker.
Environment

Social

Governance

Environment

1

0.5

0.125

Social

2

1

0.25

Governance

8

4

1

Weights based on entropy exhibited in the data:
The entropy-based weights are calculated as:
1−𝐻
𝑤 =
,
𝑛−∑ 𝐻
where Hj is the entropy measure for criterion j:
𝐻 =−

The vector of relative importance weights, denoted by w, can be
estimated by solving Pw = λmaxw, where λmax is the largest
eigenvalue of the pairwise comparison matrix P. The resulting
weights, w, are:
Environment

Social

Governance

9.09%

18.18%

72.73%

1
𝑙𝑛 𝑚

𝑥 𝑙𝑛 𝑥

for 𝑗 = 1,2, … , 𝑛

and the xij are elements of the decision matrix D, normalized as
. The resulting weights, w, are:

𝑥 =∑

Environment

Social

Governance

56.46%

24.50%

19.04%

Normalizing the decision matrix:
The decision matrix 𝑫 is normalized using the L2 method to form the matrix 𝑫 = 𝑥

×

, where 𝑥 =

, 𝑖=
∑

1,2, … , 𝑚, 𝑗 = 1,2, … , 𝑛. The resulting DN is:
Company

Environment

Social

Governance

1

0.1503

0.2337

0.4977

2

0.6428

0.3459

0.2281

3

0.7262

0.5422

0.6947

4

0.1920

0.7292

0.4666

Calculating the weighted normalized decision matrix:
The weighted normalized decision matrix 𝑫N,W = 𝑥 N,W

×

is calculated as follows:

𝑤 … 0
⋮
⋱
⋮ [𝑫 ] ,
0 ⋯ 𝑤
where the weight vector, w, is determined via either the AHP or the entropy method as shown above, or one of the other available
methods.
[𝑫N,W ] =
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AHP-TOPSIS weighted normalized decision matrix:

Entropy-TOPSIS weighted normalized decision matrix:

Company

Environment

Social

Governance

Company

Environment

Social

Governance

1

0.0137

0.0425

0.3620

1

0.0848

0.0573

0.0948

2

0.0584

0.0629

0.1659

2

0.3629

0.0847

0.0434

3

0.0660

0.0986

0.5052

3

0.4101

0.1328

0.1323

4

0.0175

0.1326

0.3393

4

0.1084

0.1786

0.0888

TOPSIS separation method:
Using the weighted normalized decision matrix, the best and worst conditions are identified for each weighting method. This is
achieved by identifying a hypothetical firm with the most and least desirable scores in each category in the dataset. The following
equations illustrate the calculations:
𝑨 =

𝑚𝑎𝑥( 𝑥 N,W |𝑖 = 1,2, … , 𝑚)|𝑗 ∈ 𝐽 , 𝑚𝑖𝑛( 𝑥 N,W |𝑖 = 1,2, … , 𝑚)|𝑗 ∈ 𝐽

or 𝑨 = 𝑥 N,W |𝑗 = 1,2, … , 𝑛 ,

where A w is the vector with the worst possible condition for each criterion j, and
𝑨 =

𝑚𝑖𝑛( 𝑥 N,W |𝑖 = 1,2, … , 𝑚)|𝑗 ∈ 𝐽 , 𝑚𝑎𝑥( 𝑥 N,W |𝑖 = 1,2, … , 𝑚)|𝑗 ∈ 𝐽

or 𝑨 = 𝑥 N,W |𝑗 = 1,2, … , 𝑛 ,

where Ab is the vector with the best possible condition for each criterion j.
AHP-TOPSIS worst and best case:

Entropy-TOPSIS worst and best case:

Environment

Social

Governance

Aw

0.0137

0.0425

0.1659

Ab

0.0660

0.1326

0.5052

Environment

Social

Governance

Aw

0.0848

0.0573

0.0434

Ab

0.4101

0.1786

0.1323

Ranking and final selection:
We calculate the separation measure between the competing alternative i and the worst and best possible conditions Aw and

Ab

follows:
𝑑

=

∑

𝑥 N,W − 𝑥 N,W

, 𝑖 = 1,2, … , 𝑚, and 𝑑

=

∑

𝑥 N,W − 𝑥 N,W

, 𝑖 = 1,2, … , 𝑚,

where diw and dib are L2-norm distances from the competing alternative i to the worst and best possible conditions, respectively.
Finally, we compute the relative closeness

siw  d iw ( d iw  d iw )
where

siw

to the worst condition for each competing alternative as follows:

0  siw  1, i  1, 2, , m ,

siw  1 if and only if the competing alternative has the best condition, and
siw  0 if and only if the competing alternative has the worst condition.

The resulting separation measures and final ranking are as follows:
Siw

Rank

Company

AHP-TOPSIS

Entropy-TOPSIS

AHP-TOPSIS

Entropy-TOPSIS

Rank Sum

Final Ranking

1

0.5253

0.1282

3

4

7

4

2

0.1243

0.6701

4

2

6

3

3

0.9110

0.8829

1

1

2

1

4

0.5307

0.3018

2

3

5

2
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